In particular, this paper explains the methods used by this program to conduct such visionary work as a lesson for other institutions who may also wish to begin similar programs.
Also, to give an indication of some of the possible next research steps, the results of the 1997 workshop are presented.
BACKGROUND
Prior to 1996 the implications of emerging science to the challenges of space propulsion were only sporadically studied, and then mostly by individual researchers who did so on their own time. Occasionally research and workshops were formally supported [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] , but progress was generally slow. In 1996, the NASA Marshall Space Flight Center (MSFC) was tasked to formulate a comprehensive strategy for advancing propulsion for the next 25 years and they were requested to make this strategy more visionary than previous plans. This strategy, called the "Advanced Space Transportation Program (ASTP),"
spans the nearer-term technology improvements all the way through seeking the breakthroughs that could revolutionize space travel and enable interstellar voyages [12] .
To address the most visionary end of this scale, MSFC sought out the work of the NASA Lewis Research
Center. Individuals at Lewis had already been working on these topics [9, 10, [13] [14] [15] and Lewis had experience working with far-future ideas through their "Vision-21" exercises [5, 7, 16] . By applying the lessons learned from Vision-21 and by forging collaborations amongst the individuals across the country who were already working on these topics,
Lewis established the "Breakthrough Propulsion
Physics" program to advance science to address the goals of breakthrough space flight.
PROGRAM FOUNDATIONS
As the name implies, this program is specifically looking for propulsion breakthroughs from physics. Many of these lessons were incorporated into the NASA Lewis "Vision-21"
activities [16] , and have been incorporated into the Breakthrough Propulsion Physics program. In the descriptions of the program's goals, objective, methods, and research priorities that follow, these lessons are presented.
Program Goals
The first step toward solving a problem is to define the problem.
To determine the specific technical goals of the program, the "Horizon Mission Methodology" [32] was used. (2) SPEED:
Discover how to attain the ultimate achievable transit speeds to dramatically reduce travel times. This implies discovering a means to move a vehicle at or near the actual maximum speed limit for motion through space or through the motion of spacetime itself(if possible, thismeans circumventing thelightspeed limit).
(3)ENERGY: Discover fundamentally newmodes of onboardenergygeneration to power these propulsion devices.This thirdgoalis included sincethe first two breakthroughs couldrequire breakthroughs in energy generation, andsincethe physics underlying thepropulsion goals is closely linked toenergy physics. The emphasis on "near-term progress" is because the program's goals are presumably far from fruition while the support for the program is sought in the near-term. It is therefore essential that the long-range goals be broken down into smaller, near-term steps. This is reflected in the Research Priorities discussed later.
Closely related to the need for near-term progress, is the need to measure this progress.
The program's sponsors want to see progress within the funding cycles.
The Research Priority criteria, discussed later, include means to quantify progress. The emphasis on "credible" is because such long range ambitions are often tainted by non-credible work, or even "pathological science" [33, 34] , and since genuine progress can only be made with credible work. The challenge to balance credibility (necessary to make genuine progress) with vision (necessary to search beyond known methods) is also addressed in the Research Priorities discussed later. Another aspect of credibility is that this program does not promise to deliver the breakthroughs, but does promise to deliver progress toward achieving the breakthroughs. This position is because it is too soon to know if the desired breakthroughs are indeed achievable.
Collaborative Networking
Historically, pioneering new ideas has often been the jurisdiction of exceptional individuals who not only possessed the vision to realize their creations, but also the determination to weather the setbacks, the skills to translate their ideas into credible proofs-of-concepts, and the ability to make others comprehend their creations. Individuals who posses all these skills at once are rare, but this skill mix often exists in a group of individuals.
By providing a means for these individuals to collaborate and share their skill mix to achieve a common goal, pioneering work can proceed without having to wait for the next Goddard or Einstein.
• A diverse, multidisciplinary team provides a well rounded and more objective program.
• Expertise and talent are scattered across the world, and are not centralized at a single lab.
• Collaboration boosts credibility. • Collaboration allows phased peer reviews, first with the constructive team, then with external reviewers.
The internet is envisioned as the primary mechanism to enable this degree of collaboration and to pool the collective intellect across the world. Two internet sites have already been set up, and a third is envisioned. and traceable to at least one of the three program goals.
RESEARCH PRIORITIES
To simultaneously focus emerging sciences toward answering the needs of space travel and to provide a programmatic tool for measuring the relative value and progress of research, this program has established the prioritization criteria listed below. This evaluation system has already gone through three iterations including two trial runs. A derivative of this system is planned as the scoring system for the program's NRA solicitation.
The features of the system that are discussed in this report include: (1) near-term focus on long range goals, (2) metrics of progress, and (3) credibility criteria with vision.
Research Prioritization
Criteria List:
This list shows those factors that would be scored to measure the relative value and progress of research. Each of the lettered criteria below would receive a numeric score which would then be combined to arrive at a total score for a given research approach.
• Relevance To Program: A. Directness (must seek advances in physics that are relevant to propulsion or power). B. Magnitude of potential gains for goal #1 (mass) + goal #2 (speed) + goal #3 (energy).
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• Readiness:
C. Level of progress achieved to date (measured using the scientific method levels).
D. Testability (ease of empirical testing).
[Note: experiments are considered closer than theory to becoming technology]. H. Level of progress to be achieved upon completion of task (measured using the scientific method levels).
I. Breadth of work (experiment, theory, and/or comparative study). J. Triage (will it be done anyway or must this program support it?).
K. Lineage (will it lead to further relevant advancements?).
L. Time required to complete task (reciprocal scoring factor).
M. Funding required (reciprocal scoring factor). N. Probability of successful task completion (based on credentials and realism of proposal).
Near-Term Focus to Long-Range Goals
The program's goals are presumably far from fruition while the support for the program is sought in the nearterm.
To address this paradox it is essential that the long-range goals be broken down into smaller, affordable, near-term steps. Proposals are therefore required to suggest only an incremental task related to the ultimate goals, and are graded inversely to their duration and cost (criteria L and M). Also, from this point of view, "success" is defined as learning more about reaching the breakthrough, rather than actually achieving the breakthrough.
Negative test results are still results, indicating progress.
Metrics of Progress
Closely related to the focus on near-term steps, is the need to measure progress. To demonstrate to the program sponsors that progress is being made in the short time-frame of funding cycles, these Prioritization Criteria can be used to quantify progress. By simply taking the difference in score before and after a task is completed, a numerical value of "progress" can be calculated.
Since there is no precedent for such a system, these values will only have meaning when comparing the progress of different tasks over different years.
One crucial feature inherent in this system is to have a scale to gauge the status of an approach. Patterned after the '_l'echnology Readiness Scale" used to A discriminating test (criteria G) is required to focus the work toward the make-or-break issues, and to provide the basis for a credible "correctness" test. from six government labs, 16 from five NASA centers, and 12 students.
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Invited Presentations
The invited presentations, from established physicists, covered many of the relevant areas of emerging physics.The intentof thesepresentations wasto provide credible overviews of where we stand today in physics and introduce the unknowns and unresolved issues.
Below is a list of these presentations in the order that they were presented. Where a related or equivalent work is available, a reference is cited.
program goals. To be programmatically acceptable, it was desired that these research tasks be short-duration, low-cost, and incremental steps toward the grand goals.
Based on the invited presentations, poster papers, and the ideas generated during the breakout sessions, about 80 task ideas were collected.
(1) L. Krauss (Case Western Reserve Univ.),
"Propellantless Propulsion: The Most Inefficient
Way to Fly?" [36] (2) H. Puthoff 
Identifying Next-Step Research Tasks
To generate the list of next-step research tasks, the participants were divided into six breakout groups.
Each of the three program goals were addressed by two of the six groups.
A facilitator led the group through a process designed to elicit a large number of ideas and then to evolve these ideas into candidate next-step research tasks -tasks that address the immediate questions raised by the emerging physics and the
CANDIDATE NEXT-STEP RESEARCH
The following section highlights just some of the approaches that have been suggested to begin the search for propulsion breakthroughs.
These are arranged according to the three program goals and highlight the intriguing phenomena and theories, critical issues, and candidate next-step approaches for each program goal. Some of the 48 ideas that were generated during the Austin Texas brainstorming session, and some of the 80 ideas from the August workshop hare covered here. Note that there are many redundancies amongst these 128 ideas, and that most of these have not yet been fully reviewed.
I Toward Eliminating Propellant Mass
It is known that gravity, electromagnetism and spacetime are coupled phenomena.
Evidence includes the bending of light, the red-shifting of light, and the slowing of time in a gravitational field. This coupling is most prominently described by General Relativity [25] . Given this coupling and our technological proficiency for electromagnetics, it has been speculated that it may become possible to use electromagnetic technology to manipulate inertia, gravity, or spacetime to induce propulsive forces [22] . Another phenomena of interest is the Casimir Effect, where closely spaced plates are forced together, presumably by vacuum fluctuations [19] . One explanation is that this force is the net radiation pressure of the virtual vacuum fluctuation photons, where the pressure is greater outside the plates than within, since wavelengths larger than the plate separation are excluded. The force is inversely proportional to the 4th power of the distance. Even though this effect can be explained by various theories [18] , the idea that the vacuum might create these forces leads to speculations that an asymmetric vacuum effect, if possible, could lead to a propulsive effect [22] . There are many unsolved issues regarding these speculations, including whether these phenomena can lead to controllable net-force effects and whether such effects can be created, even in principle, without violating conservation of momentum and energy [22] .
Although it is presently unknown if such propellantless propulsion can be achieved, several theories have emerged that provide additional research paths. It should be noted that all of these theories are too new to have either been confirmed or discounted, but their potential utility warrants consideration. This includes negative mass propulsion [44] , theories that suggest that inertia and gravity are affected by vacuum fluctuations [23, 24] and numerous other theories about thecoupling between matter, electromagnetism, and spacetime [4, 42, [45] [46] [47] [48] [49] [50] . Another recent development,
which has yet to be credibly confirmed or discounted, is where anomalous weight changes are observed over spinning superconductors [39] . Regarding candidate next steps, experiments have been suggested to test most of the theories cited above, including the theories linking inertia to vacuum fluctuations [11] . Furthermore, Robert Forward suggested a search for negative mass based on recent astronomical data [51] . Also, experiments at MSFC are continuing to test the claims of weight changes over spinning superconductors [40] .
characteristic of a tachyon (hypothetical faster-thanlight particles). It has been suggested to revisit this and other similar data to determine if this can be credibly interpreted as evidence of tachyons.
It was also pointed out that other experiments have been suggested to search for evidence of tachyons [56] . Special Relativity states that the speed of light is an upper limit for the motion of matter through spacetime.
Recently, however, theories using the formalism of General Relativity have suggested that this limit can be circumvented by altering spacetime itself. This includes "wormhole" and "warp drive" theories. A wormhole is a shortcut created through spacetime [26, 27] where a region of spacetime is warped to create a shorter path between two points. A warp drive involves the expansion and contraction of spacetime to propel a region of spacetime faster than light [28] . It has also been suggested that the light speed limit may be exceeded if velocities could take on imaginary values [52] .
In addition, there are theories for "nonlocality" from Quantum Physics that suggest potentially superluminal effects [38] . These theories not only present challenging physics problems, but are intriguing from the point of view of future space travel. Do these theories represent genuinely possible physical effects, or are they merely mathematical curiosities?
Wormholes, if they exist, may be observable through astronomical searches. The characteristic signature of a negative mass wormhole (possibly a traverseable type)
has been specified to aid this search [53] . Regarding possible experiments, it has been suggested to use the strong magnetic fields that are momentarily generated 
